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CEMENTATION OF IRON AND STEEL

either carbon monoxide and carbon dioxide, cyanogen and nitrogen or hydro-
carbons and hydrogen"

We shall see later how the conception expressed in indefinite form in
these sentences of Charpy is not susceptible of practical application; this,
moreover, is easy to understand when we think of the enormous practical
difficulty of adjusting the mixture of carbon monoxide and carbon dioxide
in which, to obtain appreciable cementations at temperatures sufficiently
high so that the process may go on with sufficient rapidity, the proportion of
carbon dioxide must be below i% and determined with an accuracy greater
than one part in a thousand.

We shall also see, however, how, taking into account the various elements
(such as the distribution of the carbon in the cemented zones, the relation
between the velocity of penetration of the carbon monoxide and of the
carbon dioxide into the iron, the velocity of the reactions which take place in
the process of cementation, the conditions of equilibrium between the gases
in the cementing atmosphere and in the mass of the steel, etc..) which Charpy
could not consider in his experiments,1 it is in reality possible to obtain in
practice the result whose possibility Charpy foresaw. But, 1 repeat, this
result can be obtained under conditions of, industrial feasibility only by means
quite different from those suggested by Charpy, based on the use of gaseous
mixtures in definite proportions. Of such means we shall treat later; for
the present I only wish to point out how Charpy's preconceptions relative
to the use of hydrocarbons to "limit" the cementation do not seem confirmed
by more recent experiments,

Charpy's memoir concludes with some interesting observations on the
action of carbon monoxide on manganese and on chromium* These metals,
and especially chromium, when subjected to the action of carbon monoxide,
absorb its oxygen, being transformed into mixtures of their oxides and of
free carbon. Chromium preserves tins property even when it is alloyed with
other metals; for example, in chrome steels, "When a chrome steel is
subjected to the action of carbon monoxide, a certain cementation occurs,
but at the same time an oxidation also manifests itself. This, however,
seems to be limited to the chromium, and does not proceed beyond the surface
zone,because the oxide of chromium formed does not diffuse into the metal."
We shall have occasion to see later how these facts can be clearly explained
on the basis of the results of a series of most interesting investigations by

1THs is due, above all, to the fact that Charpy almost always used in his cementation
experiments (except in a few cases) the iron in the form of wires or filings, in which it is
evidently impossible to take into account the distribution of the carbon.

From the considerations which I shall have occasion to develop later, it will appear
clear that the investigations of Charpy, carried out with the ability and acumen which
distinguish the author, would certainly have led to the most interesting results (especially
from the practical point of view) if the author had placed himself tinder such experimental
conditions as to have been able to study the distribution of the carbon in the cemented zones.